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$ '! We sha,ll consider briefly the possible nature of the ;* * 
I 

equstion of state of matter a t  supernuclear density. 

of interest in such subjects as cosmology and gravitational collapse. 

This is + I  
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By supemclear density we man a density exceeding that of 

. ordinary nuclear matter. Since nucleons in nuclei are spaced 

approximately 1 fermi apart, we have in mind proper densities 

of p > 10ls g C X U - ~ .  Zel'dovitch (1962) has shown on the basis of 
b I 7  

a vector -son model that as the supernuclear density increases c :a 
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where p is the pressure and 8 = pc2 is the energy density. 

p and v are matrices which canbe diagonalized for microscopic 

Both 

elements of fluid. For a photon or neutrino gas, in which the 

particles hsve %em rest ma88, 
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When the gas is isotropic, q = 3, and therefore according to (2), 

v = 413, and P = e/3. For a gas containing a class of particles 
f 
b of energy Ei = y m 9, where mi is their rest msss and yi is i i  

/ 

to rest energy, 
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‘-if the interaction energy is ignored. By regasding the energy 

- contrybution From the va;ribus Interaction f i e h  as a gas of real . 
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and virtual bosons, the effective value of v for the fluid c ~ l l  

be evaluated by integrating (3) over the various distribution 

* 

l s u 5  q+l 
Q 

- *  

for a l l  f l u i d s .  The lower l i m i t  is for a gas OP zero pressure, and 

the upper U n i t  is for a gas containing only psrticles of zero 

' rest -8. It is also noticed that the velocity of sound is 
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in the appropriate direction, and has its PaXimuIl value of vs = c 
\ 

--at q',= 1, as one- would expectd In, an isotropic gas, which is of 

main interest, (4) 'becoIneEV1 I; u s 4/3 and therefore p < 4 3 ,  and 
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gives vs c/3 . 
In spite of the colqpleXity of the particle s t a t e s  at super- 

nuclear density uur classical picture inucates that 1 s u 4 413 

utmt still hold true in an istrcpic fluid. 

reasonable to suppose that at supernuclear density u has a value 

close to 4/3. 

\ 

It wuuld also seen 

wing the adiabatic rehtivistic egation: 
a 
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1 for a variable 'VOLwne V, xe have from (I) that 

follars that 
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i', 
and if u h8s a value close to 413, then e a V-413, as in a 

relativistic ideal gas, 

'Ifre relatively simple picture outlined above has been thrown 

into a state of conf'usion by Zel'dovitch's (1962) suggestion 

that S t r o n g  interactiom increase'the value of u, and that in the 

limit of high density in an isotropic  fluid,^ 4 2, azid therefore 

p 4 6 and vs 4 c. It is argued that the range of variation of u 

is 1 4 v 

Anisotropy in such a f M d  is now impossible as this would imply 

that the velocity of sound could exceed the velocity of light. 

Zel'dovitchb suggestion is based on a simple model in which 

stationary baryons interact through a vector meson field. 

* 

2, and not 1 5 u s 4/3 as given by the previous argument. 

1 !0e &oca equations (Morse and Feshbach, 193) for a vector 
I 
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with the gauge condition 

: 

1 a, V . A + -  - = o  ' - c at 

where A and 

charge densities. 

are the potentials, and j and pe are the current and 

These Lnrentz invariant equations axe for 

cy cv 

they reduce to Haxwell's equations for photons of zero rest mass. 

Z&l'tk+v%t& M-8 iW%fe! af3Mm rrjld +he M e a  cwtfm the*- 

fore become 

_- 
-2, 

-1 

"charge", the solution is the hkawa-type potential 
I 
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Zel'dovitch then shows that if there are n barJrons per unit 
volume, and m is the baryon miss, the energy per baryon is 

and the energy density i s  therefore 
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Comparing (12) and (13) it is  seen that in the l i m i t  of high 

density we have p 4 c y  rmd accordimg t o  (I) u therefore approaches 

a value of 2. !he assumption that the potential (U) is density 

independent means that the range h of the interaction at high 

densities is large compared w i t h  the interbaryon distance. 

interaction therefore tends t o  become long-range and-collective 

rather than short-range, thus accounting for u approachhg the 

'Ilhe 

V&e qf 2. 

lfhe following comments narst be made regarding Zel'dovitch's 

treatment. A t  supernuclew densities it is physically un- 

real is t ic  t o  ignore the high energy of the baryons imposed by 

the exclusion principle. I n  ordina.ry nuclear matter the ideal 

I gas  law^ provide a g o d  s t a r t i n g  point for calculating the energy I . I  

I shift (Welsskopf 1950, Bell and Squires 1961), snd potential 
t 

functions are ernplayed t o  obtain improved approximations. When 
f 

the internucleon distance is less than the nucleon Coxpton wave- 

m e r  unsatisfactary feature of the model is that 
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and these equations have the merit that they yield the physically 

acceptable result that u has a maxiaum value of 4/3. 

Despite the complexity of the interactions in matter at 

supernuclear density it is unlikely that our earlier aqgm!nts 

concerning the mxAnnrm possible d u e  of 1) are i n  error. Although 

Zel'dovitch'e model  possesses several unacceptable feaiures, it is 

nevertheless interesting t o  notice that i f  it is appued i n  a 

slightly mre real is t ic  nruyrer then the lllRJrLrmnn possible value of 
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u i n  an isotropic fluid is a l s o  4/3. 
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